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' SUMHAEY 



Calculations are made of the performande of several 
internally finned radiator* and a comparison with the per- 
formance of conventional honeycomb radiators is made. If 
fins are placed inside convent ional— else tubing, the hy- 
draulic diameter of the air passages is reduced and the 
else and the power expenditure of the radiator are reduced. 
Calculations show that in a typical case the new radiator 
can he designed with 55 percent less volume and will re- 
quire 18 percent less power expenditure than the conven- 
tional radiator dissipating the same amount of heat. If 
large tubes are internally finned in such a manner as to 
obtain the same hydraulic diameter for the air passages 
as is used today, the pressure drop and the power expendi- 
ture of radiators can be markedly reduced, For example, 
calculations show that the "new radiator will require 20 
percent less pressure drop and 18 percent less power ex** 
penditure than the conventional honeycomb radiator of the 
same volume dissipating the same amount of heat. 



INTRODUCTION 



The problem of designing the cooling installation in 
an airplane involves a compromise between the else and the 
power expenditure of the installation, Many ethylene- 
glycol radiators of varioua sises and power costs will dis- 
sipate the amount of heat required by a given engine with 
a reasonable pressure drop. Small radiators tend to re- 
quire large power expenditures ; whereas large radiators . 
tend to require small power expenditures. Because small 
radiator* of low power expenditure are desirable, several 
methods of reducing the else of radiators without adversely 
.affecting the power expenditure have been investigated- in 
the pastV Seducing the width of the liquid passage as 
much as possible has been found to be profitable because 
the same amount of cooling surface can thus be squeesed 
into a smaller volume, f - A limit on the width of the liquid 
passage is set by the clearance required by foreign state— 
rialf in the coolant v Another method of increasing the. 
amount of QQoling surface per unit volume is, to reduce the 
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diameter of : the. radiatdxv tubes Ihe . large number of tubes 
required, however, brings on manufacturing difficulties. 
Present practice does not. permit . the use of radiator tubes 
of less than 0.20 inch diameter. 

Ixi this paper, 'the perf.or tenee characteristics of sev- 
eral radiators with internally finned tubes are calculated 
and are compared .-with -the performance characteristics of 
conventional honeycomb radiators; The object of the paper 
is to present. .typical results to be expected from the use 
of internally .finned radiators. 

■ BASALTS IS OP TEE PS. OB LEU 

' ,\i • diredt method of reducing- the size of radiators that 
.,is '.very protois ing is the .placing of fins inside and along 
tjje Bi complete, length of .convention&l. radiator tubing. Figure 
1 shove various arrangements of fins in .the tubing. Internal 
finning is an efficient means ef obtaining small hydraulic 
diameters' for the air ' passages of ■ radl&t or s without increas- 
ing" the number -'-of tube^ that must be handled- in the manufac- 
turing processes. «■ Internally finned -radiators .have, more- 
over } definite advantages o\ u '*r conventional honeycomb radi- 
ators 'with the same hydraulic diameter. for the air passages. 

Several fact ore explain the improved performance of 
-internally finned radiators. 'In the conventional ethylene— 
glycol, honeycomb radiator About 95 percent of the resistance 
to heat flow- lies in. the boundary layer on the air side. In- 
ternal finning makes the thermal res is tane'e-s on the liquid 
and air sides more' nearly equal becauee the surface exposed 
to the air is increased without a change in the surface on 
the liquid sid6. The reduction of the total resistance to 
the:flow of heat for a given amount of surface causes a re- 
duction in the amount of surface required for a given heat 
dissipation. One adverse effect' occurs because indirect 
coaling surface's'! "such as these internal fins , operate at 
-lower, average temperatures, than the 'tube walls. Tin effec- 
tiveness of approximately 95 percent can be obtained , how- 
ever, by using copper .fins having wldth-to-thiokness rat los 
of about 80. " 

Because the' fins need be made only thick enough td ef- 
ficiently carry "the flow of heat (the fine do not have to 
supply structural 'strength to., the radiator ) , because each 
fin contriTbutVs twice as much cooling-air surface per unit 
*>f. metal. w.ejisrht ti* direct, eurf.ace does , and because the 
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amouAl ' of "coolant carried in the radiator is reduced, the 
weight of radiators can he reduced "by internal f inning, 
furthermore 9 because of the fewer liquid passages and the 
thinner metal used, the ratio of open to total frontal 
area of $n internally finned honeycomb radiator is greater 
than the ratio of open to total frontal area of a conven- 
tional honeycomb radiator with thp- same hydraulic diameter . 
for the feir passages. The greater open frontal area of an 
Internally finned radiator allows moire air passages to 
operate in parallel In a given frontal area. Consequently, 
the pressure drop required for cooling is less than the 
pressure drop required by a conventional radiator , 

SYMBOLS- . 

The following symbols, listed alphabetically, are 
used in this repdrt. Consistent units are aiso given, 



quantity defined as 



A total frontal area of radiator, square feet 

* 0 open frontal area of radiator, square feet 

Cp specific heat at constant pressure, Btu per pound 
per °P 

C D drag coefficient of wing 

C L ' lift coefficient of wing 

D hydraulic diameter of air passages, feet 

D t hydraulic diameter of radiator tubes, feet 

E f fin jpf f eot iveness 

f frejs— area ratio, ratio of open frontal area to 
total frontal area 

f t free-area ratio, fins being neglected 

fx friction factor ^EtE 

4qL 



g acceleration Qf gravity, feet per secpnd.per s 
: second 

'b ' surface .heat— transf er coe'f f icient , -Btu per second 
per square 'foot per,. 0 ! 

Nusselt number 

.k 

h a heat-tranef ex coefficient from.a}r to tube wall, 
Btu per second per square foot per *>T 

hj heat-transfer coefficient from liquid to tube wall, 
Btu per seoond per square foot per °T 

.H .quantity of heat dissipated per unit time, Btu per 
second or horsepbwer 

k thermal conductivity, Btu per second per square 
foot per °F per foot 

k a thermal conductivity of air at radiator entrance, 
Btu per second per square foot per °7 per 
foot 

k m thermal conductivity of metal, Btu per second 
per square foot per °r per foot 

L radiator length, f eet ■" 

n number of fins 

Pjj power required to. force air through radiator, 
foot-pounds per second or horsepower. ' 

Ft/ power required to' support and propel weight of 

radiator , foot— pounds per second or horsepower 

P t total power required by radiator installation, 
foot— pounds per second or horsepower 

p static pressure, pounds per square foot 

Ap pressure drop across radiator, pounds per square 
foot 

APf pressure drop due to skin friction, pounds per 
square foot 

q dynamic pressure, pounds' per square foot 



dynamic pressure at radiator exit, pounds per 
square f oot 

Reynolds number / 612' ! ■ ■ " 

thermal resistance on air side ( — i — ^ . 



thermal resistance on liquid side 




side of hexagonal tub'e , feet' ' ... 

cooling surface, including fins, on air side, 
square feet ' 

cooling surface of fine,. square feet 

cooling surface on liquid side, square feet 

tube-wall thickness , feet 

thickness of fin , feet 

absolute temperature , °F 

absolute atmospheric temperature, °V 

absolute temperature of air at radiator entrance, °J 
absolute temperature of air at radiator exit, °F 
absolute liquid temperature, °T 
absolute vail temperature, °7 

open volume of radiator, neglecting finning, cubic feet 
total volume of radiator, cubic feet 
velocity, feet per second 

velocity. of air at radiator entrance, feet per 
second ~ 1 

air-stream velocity, feet per "secqnd 

width of minimum allowable passageway on liquid 
side, feet 
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Vf width of fin between tube walls, feet 
Vf weight of fine, pounds 

V p weight of radiator without fine, pounds 



a 



exit lees 



24a 

e fact or t - approximately 1.5 , by whleh to multiply 
-radiator weight in order to account for addi- 
tional required airplane structure 

p air density, slugs per cubic foot 

p z air density at radiator entrance, slugs per cubic 
foot" 

p f weight density of fins, pounds per cubic foot of 
open volume of tubes 

pj coblaftt density, pounds per cubic fcot" 

p m metal weight density, pounds pet cubic' foot 

p r weight density of radiator .without: fins , pounds 
per cubic foot of open volume of tubes 

Tip pumping efficiency of duct system 

Ti t " .heat— transfer efficiency 

p. coefficient of viscosity, slugs per foot per 
second 

|i 1 coefficient of vis-oosity of air at radiator en- 
trance, slugs per foot per second 



HIT HOD C? CALCUULTICir 



The procedure followed in the calculations Is similar 
to the "procedure presented in reference 1 and has been 
adapted to take into account the effect of the thermal re- 
sistance on the liquid side, 

! 'The potfer e*£6ndlture chargeable to a wing or an engine- 



nacelle cooling installation is the sun of the power re- 
quired to push the cooling air through the radiator and 
duot system Pa/rjp and the power required to carry the 
radiator we igfit " Fj^r ' 



where, frcm reference l f 

»» ■ pin" f (i • 5 ^-'>»)*( 1 - r) ^i^** 

The heat dissipation is 

H= gPiT^CpCJW - Tj-n t (3) 



where 



or 



T» t = ' - 1 - e ftTIopS D 



■Ht s i - e 



Av£\-°' a L 



in the turbulent region. 

The temperature difference T w - T x is a function of 
the .thermal resistance on the liquid side in internally 
finned radiators. The ratio of the thermal resistance an 
the two sides 1* 

and. therefore, the available temperature difference with 
100-percent effective fins is 

- T l 

1 + ah 



8 



Actually, the fin effectiveness is (reference 2) 



. taah- 



OT f 
2 



where 



a * 




and Tsr f is the fin wijith between tube walls. The over- 
all effectiveness of the cooling surface on the air side 
is the sun of the fin surface multiplied by the fin effec- 
tiveness and the direct cooling surface divided by the 

/6fBf 

total amount of surface on the air side 1 



The available temperature difference is, therefore, 

y'^.i, . ..... . 

- s i h x • 



The detailed calculation of the 'performance of in- 
ternally finned radiators is- outlined in the appendix* 



DISCUS8I0J 



Typical result* obtainable >y the use of internally 
finned radiator tubes are represented in table I and fig- 
ures 2, 3» *ad k hy the values for radiators C, D, E, and 
F* Figure 2 shows the effect of increasing the relative 
thermal resistance on the liquid' 'side* - Bach point corre- 
sponds to a radiator dissipating 1000 horsepower and having 
a frontal orea pf U square feet, an air passage length of 
6 inches, and a hydraulic ' iiimeter of 1/12 inch. These 
radiators differ only in the amount of 'indirect cooling 
surface used on the air side*. .The number of fins is a 
measure of the amount of indirect cooling surface. The 
curve b of figure 2 indioate that most of the gains derlv- 
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able from Internal finning without a change in the hydraulic 
diameter of the air passages are obtained toy the use of' 
three fins (radiator D, .table I). In this case the power- 
expenditure is reduced toy 23 .percent and .the pressure drop 
is reduced toy 40 percent. If radiator D were designed for 
the same pressure drop -as radiator B (tatole I), the frontal 
area would toe reduced 25 percent. " 

When small hydraulic diameters are used for the air 
passages of radiators, small volumes and small power ex- 
penditures- are obtained'.' In practice; manufacturing diffi- 
culties associated' with the large number of tubes required 
toy the conventional honeycomto radiator restrict the minimum 
else of the tube diameter to about C.2C" inch. By the- use- 
of internal finning, - however , small hydraulic diameters can 
be obtained for -the- air passages without increasing- the 
number of tubes. The* curves of figure 3 illustrate- how- in- 
ternal finning reduces the else and par er expenditure of 
the installation. 'Figure' 4 shows that' an Increase in pres- 
sure drop is associated with a BO— percent reduction in 
radiator size. By a reduotion in the radiator volume of 
25 percent instead of 5C percent and by the use of a hy- 
draulic diameter of l/ 8 inch for the air passage, all three 
significant factors — the radiator volume, the power ex— 
penditure, and the pressure drop.— would be reduced. 

A comparison of the performances of radiators 0. and -D . 
(table I) j. which differ physically 'only in that .the. fins 
of radiator C are twice as- thick as the fins of radiator D., 
emphasises the fact that there -exist limitations .on the . 
fin thickness other than- weight alone. Hadiat or -C , yith 
the heavier- fins, requires a higher pressure drop and a. 
higher Internal power expenditure than radiator D because . 
the 1-percent increase in over-all cooling-surface effec- 
tiveness In* radiator 0, as- compared with, radiator D, does 
not -nearly compensate'- for tl>e 5— percent reduction in open 
frontal area caUfeed by the doubly thick fins. The. point - 
to be emphasised is that the "use of thicker fins does, not 
necessarily mean that the ' required Pressure drop and. the 
power required "to" push the- cooling ai* through the radia- 
tor will be reduced. 

A large number of practical arrangements of internal 
fins exists . She hydraulic d^iametters for . some of these 
are given in figure 1. ' Arrangements such as (c) »or (f )• 
in figure 1 are inherently "better thermally than (b) or 
(e), respectively; that is, for a 'given weight of finning, 
a higher" fin effectiveness is obtained* She hydraulic 
diameters are, however, move than 10 percent larger and 
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the amount's of cooling surface are consequently 10 percent 
smaller. If all factors are considered/ the over— all per- 
formance" of installations finned like (c) as compared with 
(b), or like (f) as. compared vith (e); will differ negli- 
gibly when the air flow is -turbulent. 

As the .hydraulic diameter of the air passages decreases 
vith increased. finning , the operating Eeynolds number de- 
creases. Thus", it becomes possible to operate in the traxu— 
sltlon range between laminar .and turbulent flow or even 
at Eeynolds numbers corresponding to completely laminar 
flow. In such cases small angles -between *f ins are to be 
avoided because "this laminar .boundary layer* will be extremely 
thick in the sharp corners and the surfaces forming the 
comers will accordingly have a gteafly reduced effective- 
ness as far as. friction and heat- transfer ape concerned. In 
effect, the fins will cause an increase in the radiator 
weight out of proportion-, to the- increase in the heat dissi- 
pation per unit volume... of - radiator , ' 



. J3CHCLUSICHS 



A large number of possible arrangements of Internal 
fins for .radiators exists. By 'the use of these internal 
fins, the power expenditure and the pressure drop required 
for cooling .can .he markedly -reduced. Ih one typical case 
the new radiator is calculated to require' 2C' percent, less 
pressure drop and. 18 percent, le-ss power expenditure than 
the conventional honeycomb -radiator of the same volume 
dissipating the same amount of heat. 

■ Internal finning can also be used to reduce the hy- 
draulic diameter of -the air passages. This reduction will 
decrease the size and the power expenditure of radiators , 
Calculations Bhow that in a typical case the radiator with 
internal finning requires -55 percent less volume and 18 
percent less power .expenditure " than the -conventional radi- 
ator having the. same frontal • area and dissipating the same 
amount of heat. 

• . ' 

» ■ . . 

Langley Memorial Aeronautical Laboratory, 

Hational Advisory Committee for Aeronautics, 
langley Pield, Ta t , October 17, 1941* 
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" APPENDIX 



CALCULATION OF THE PERFORMANCE OF INTERNALLY FINNED RADIATORS 



The procedure followed In the calculation of the per- 
formance of Internally finned radiators Is similar to the 
prooedure presented is reference 1. 

For an assumed length and hydraulic diameter of the 
air passages, an approximate value for the operating Reynolds 
number is estimated. The corresponding value of Nusselt 
number is found from heat-transfer data, suoh as the data 
presented in figure 5» The heat-transfer coefficient 
is determined and a first approximation to the fin effec- 
tiveness is obtained. The over-all effectiveness of the 
ooollng surfaces having been determined,., a first approxi- 
mation to the available temperature difference I_ - Ti 
is found from equation The corresponding value of 

p 1 7 1 is found in figure 6, which has been plotted from 
equation (3) for the turbulent region. (In the transition 
and laminar regions, equation (3) must be used directly.) 
Reynolds number is now oal6ulated and a second value for 
Nuseelt number obtained, and the process is continued until 
the same value of 1b determined in two succeeding 

calculations. The pressure drop is now calculable from 
equation (2) and the data of figure 7j the power expendi- 
ture required is calculable from equation j(l). 

This procedure is repeated for eaoh assumed radiator 
length. The power expenditure is then plotted against 
radiator volume as in figure 3* 

The details of the sea- level calculations for the 
following assumed conditions are given in table I. Fig- 
ures 3 and U present the results graphically. 

The coolant is 97 percent ethylene-glycol solution and 
hexagonal tubes are used. 

V 0 = T5h fpa (500 mph) 

hj s 0.20 Btu per' see ped sq ft per*°F 

A r k «q 1 1 

t = 0..005 in. , 
w r 0.028 in. 
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Op » 0.2k Btu per lb par °P 

E =■ 1000 hp 

■ a b 0.1 

T 0 - 1*60° + 75*5° = 33.5° P abe. 

T z =» Wa° + 290° = 750° P abs. 

Pj a 69.6 lb per ou ft 

p p ■ = 555 lb per ou ft 
• :F a ^copper - 

= k oopper = °- o6 °55 Btu per see per 
eg ft per °F per ft 

«q p = 100 percent 




Allowance .being made "for complete .adiabatlo oompres- 
eion ahead of. the radiator, the, following quantities were 
calculated and used in the detailed calculations! 

T x =U60 + .118 = 576° P abe. ' 
T l - \ = 1 75° F ftbB - 

- 6 

k x = I4..06J (10) Btu per sec per. oq ft per °P per ft 

■ ■ ■ ■ • 

p 1 = 0.00282 slug per ou ft 

=0*1+09. slug- per ft per seo 

. 
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TABLE I.- COMPUTED VALUES FOR SIX RADIATORS 



L 
D 


Pl V l 

(slue/aq 
ft/sec) 


R 




h 
*a 


(°F> 
(*) 


T 2- T l 




(Ib/sq ft) 


P D 
(hp) 


L 

(ft) 


V 

(cu ft) 


W r 

(lb) 


*f 

(lb) 


(hp) 


I) w 

(hp) 


V t 

(cu ft) 




Radiator A; £-in. hexagonal tubing, no fins, f • 0.75, A Q - 3-00 sq ft, p r « 87 lb/ou ft 




l*o 
50 
60 
70 


0,1481 
• 390 
♦556 
.300 


2l*,600 
19,900 
17,100 
15,300 


0,387 
J* 
.51*7 
.611 


0.05^9 
.01*83 
.01*28 
.0390 


100 percent 
163.7 
I65.I 
165.9 
166.5 


63.U 

78.3 
90.7 
101.7 


O.658 
.835 
I.031 
1.219 


5U.0 

U5.1 
1*1.2 

38.7 


50.0 
3U-0 
26.8 
22.i1 


0.833 

1.01*1 
1.250 
1.1*58 


2.. 50 
3.13 
3.75 
4.37 


222 
276 
330 
386 




29.6 
36.8 
hk.2 
51.U 


79.6 
70.8 
71.0 
73.8 


3.34 
1*.16 
5*00 
5*81* 




Radiator Bi IJ*1»« hexagonal tubing, no fina, f - 0.1+70, A Q * 1.88 sq ft, p r - 22.7 lb/ou ft 




60 
70 
80 
90 


0.1*75 
.l#5 
.398 
.377 


8100 
72D0 
6800 
6A+0O 


0.588 
.65^ 
.695 
.730 


0.0675 

.0620 
.0571 
.0529 


100 percent 

162.8 
I63.6 
X6UM 


95.3 
IO6.5 

113.7 
120.0 


1.185 

1.U1U 

1.622 
1.835 


9U.8 
91.5 
91.1 
92.5 


5U.6 
1*7.0 
43.8 
1*2.2 


0.1*17 

.1*86 
.556 
.&5 


0.78 
.91 
l.Oi* 
1.18 


181 
210 
21*0 
270 




2l*«2 
28.0 
32.0 
36.0 


78.8 
75.0 
75.8 
78.2 


I.56 

i.8a 

2.22: 
2.50 




Radiator 
tf - c 


• Ct f-in. hexagonal tubing, fin arrangeroont, f - O.678, A 0 - 2.72 sq ft; average over-all effectiveness « 0.977$ P r * 8 7 lb/cu 
>.0O6 in.; D - - O.OO69 ft; S^ - 3; Pf * 53 lb/cu ft 


ft; 


60 
70 
80 
90 


o.Uoo 

.353 

.328 
.310 


6800 
6000 
5600 
5300 


0.587 
.651 
.693 
.728 


0.170 
.15U 
.11*0 
.130 


( percent ) 




1.180 
1.395 
1.611* 
1.81*0 


66.8 
61.7 
61.5 
62.7 


U6.2 
38.0 
35.1* 


0.1*17 
.1*86 
.556 
.625 


1.25 
1.1*6 
I.67 
1.88 


113 
131 
11*9 
168 


67. 
78 
89 
100 


2l*.0 
28.0 
31.8 
35.6 


70.2 
66.0 
67.2 
70.0 


I.67 
1.9k 
2.22 
2.50 


100 


97.7 




H*T.8 
150.0 
151.7 
153.2 


11*6.6 
ll*8.2 
1U9.7 


8U.7 

95 A 
102.8 
109.0 



TABLE I.- COr.lPUTED VALUES FOR SIX RADIATORS 



L 
D 


(slug/sq 
ft/sec) 


R 




h 


! i 
\-h j 
<°f) 

(a) 


I 8 - T, 


Pl V l 2 

! 

i 


AP 

(lb/sq ft) 


I 

j 

(hp) ' (ft) 


V 

(ou ft) 


V 

(lb) 


V 

(lb) 


p w 

(hp) 


P ♦ F ? 

I) w 
(hp) 


(cu ft) 


A - 


Radiator D: r-in. hexagonal tubing, fin arrangement, f » 0.7ll* f Aq * 2.86 sq ft; average orer-all effectiveness - 
tf - 0.003 In.; D * * O.OO69 ft; Sg/S; 3; Pf - 27 lb/cu ft. 


3.965; p 


r - 87 lb/cu 


ft, 




60 
70 
80 
90 


0.380 
.339 
.317 
.299 


i 

T J 

61*00 j 0.588 1 
5800 j .650 
5U00 1 .686 
5300 1 .722 


0.162 

ul*7 
.132 
.123 


( percent ) 

ll*8.8fll*3.6 

150.8I1U5.5 
152.7! 1U7.U 
15i*.2?ii*8.8 


{ 

8l*.l* * 1.176 i 60.2 

91+-6 j 1.359 j 55.1* 

101.1 j 1.570 ! 55-9 
107.1* j 1.772 j 56.0 


! 

j 

1*2.2 | 0.1*17 ) 1.25 
31*. 6 • .1*66 [ 1.1*6 

32.6 L .556 i 1.67 

30.8 .625 j 1.88 

- i 


j 

113 I 33 
131 39 
149 1 W» ! 

168 ! 50 | 

s ' 


I 

19 J> } 61.8- j 1.66 
22.8 57.U I 1.9U 
26.0 i 58.6 2.22 
29.2 J 60.0 ! 2.50 


Radiator Et fr-in. hexafonal tubing, fin arrangement, f * 0.81*8, A - 3-1*0 sq ft; average over-all effectiveness « 0.900; p • 1*2 lb/cu 
t f - 0.012*in.; D - a. in. - 0.0208 ft; S ft /S l * 3; f t ' °*9°hi Pf * 18 Wcu ft 


ft, 


& 

« 

H 

». 

O 
O 
P 


ho 

50 
60 
70 


! 

; 0j*22> 
•3U5 
.299 
.272 


i 

21,500 5 
17,600 
15,500, 
13,900 


0.14-99 
.59U ! 
.670 

.733 


0.212 

.180 
.160 
.11*9 


(percent) 

loo 190.0 
il£.9*i£8.6 

146.8{132.1 
11;9.2}13U.3 

150.7 135.6 


1 i 1 ; 1 j , 

6U.2- } 0.661* j la. 8 ! 38,1* ! 0.83 3.01 j 131 \ 5h I 2l*.8 
78.1* } .81*1 35.5 \ 26.8 1 l.Oi* 3.77 163 i 67 f 30^ 
90.0 I I.030 j 32.8 [ 21.6 ! 1.2$ i 1*.52 I9I* 1 80 1 36.6 
99.5 S 1.231 1 32.2 \ 19.2' : 1.1*6 j 5.27 i 226 | 9U j 1*2.6 


: 63.2 
, 57.6 

58.2 
61.8 


3.3U 
Ua6 
5.00 
5.8U 


Radiator F: |--in. hexagonal tubing, fin arrangement, f » 0.751, ^o - 3*00 sq ft; average over-all effectiveness • O.936; p r - 65 lb/cu ft; 
tf - 0.0039°and 0.001*5 in.; D - 0.0066 ft; Sg/Sj =• l*.73i ft s 0.820; P f ■ hi lb/cu ft 
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*The temperature difference T w -T^ has been given for E f = 100 percent and also for average values of E f £ 



when different from 100 percent. * 
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Figure 1.- Several arrangements of internal cooling surfaces. 
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Figure 3,- Power expenditure of radiators dissipating 1000 
horsepower. 
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Figure 4.- Pressure drop across radiators dissipating 1000 horsepower. 
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Figure 5.- Heat-transfer data taken from reference 2. 
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Figure 7.- Friction data taken from reference 2. 
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